Objective: Patients receiving treatment with oral anticoagulants (OACs) are at risk of intracranial hemorrhage (ICH). In this study, we describe the epidemiological and clinical characteristics of patients receiving OACs who experience ICH and compare those receiving vitamin K antagonists (ICH-VKAs) with those receiving direct OACs (ICH-DOACs). Methods: We performed a national, multicenter, descriptive, observational, retrospective study of all adult patients receiving OACs who were admitted to the neurology department with ICH over a 1-year period. The study population was divided into 2 groups (ICH-VKAs and ICH-DOACs). Epide- miological, clinical, radiological, and therapy-related variables, as well as functional outcome, were compared at 3 months. A total of 366 cases were included (331 ICH-VKAs, 35 ICHDOACs). Results: The crude annual incidence of OAC-induced ICH was 3.8 (95% CI, 2.78-3.41) per 100,000 inhabitants/year. The mean (± SD) age was greater for ICH-DOACs (81.5 ± 8.3 vs. 77.7 ± 8.3 years; p = 0.012). The median (IQR) volume of the hemorrhage was lower for ICHDOACs (11 [30.8] vs. 25 [50.7] mL; p = 0.03). The functional independence rate at 3 months (modified Rankin Scale, mRS < 3) was similar in both groups, although stroke-related mortality was greater in ICH-VKAs (40 vs. 72.7%; p = 0.02). The most frequently indicated poststroke antithrombotic therapy was DOACs (38.7%). Conclusion: We found that the incidence of OACinduced ICH was greater than in previous studies. Hemorrhage volume and mortality were lower in ICH-DOACs than in ICH-VKAs. After stroke, DOACs were the most frequently indicated antithrombotic treatment.
Introduction
The mean annual risk of ischemic stroke in patients with atrial fibrillation (AF) not treated with anticoagulants is 6-18% [1, 2] . Vitamin K antagonists (VKAs) have traditionally been the first choice for prophylaxis and have reduced the risk of stroke in patients with AF by approximately 67% [1] .
The beneficial effect of VKAs can be diminished by the increased risk of hemorrhage. The risk of intracranial hemorrhage (ICH) in patients receiving VKAs is 0.3-3%, i.e., an 8-to 10-fold greater risk than in patients who do not take VKAs [3, 4] . Furthermore, not only is the risk of ICH increased, but once the hemorrhage occurs, the initial volume [5] , risk of expansion, severity, and probability of death are also higher [6, 7] . The mortality rate of ICH is 40-67% [3, 4, 6] , and the probability of functional recovery is 17-24.3% [3] .
Compared with VKAs, the new direct oral anticoagulants (DOACs) [8] [9] [10] [11] [12] [13] [14] have been proven to improve or at least equal the reduction in the risk of ischemic stroke/systemic embolism, reduce the risk of ICH by up to 30-70%, and present lower mortality rates, owing mainly to the reduction in fatal bleeds [2, 4] . Other advantages of DOACs are the few associated drug and food interactions, the rapid onset of action, and the fact that anticoagulation does not have to be monitored [15] .
The objective of this study was to perform an exhaustive analysis of the epidemiological, clinical, and radiological characteristics and functional outcome of patients receiving treatment with OACs who experience ICH and to make a comparison between ICH-VKAs and ICH-DOACs.
Patients and Methods

Design
We performed a multicenter, observational, retrospective study based on prospective registers of consecutive patients diagnosed with stroke in most Spanish stroke units. The units were representative of most of the autonomous communities of Spain. The objective of the study was to perform an exhaustive analysis of the epidemiological, clinical, and radiological characteristics and functional outcome of patients receiving treatment with OACs who experience ICH and to make a comparison between ICH-VKAs and ICHDOACs. The inclusion criteria were diagnosis of spontaneous ICH (intraparenchymal and/or intraventricular), age ≥18 years, current treatment with an OAC, and admission to the neurology department (stroke unit or general neurology) during the study period. We excluded cases of subarachnoid hemorrhage, epidural hematoma, and subdural hematoma (irrespective of whether they were traumatic or spontaneous). The participating centers had to fulfill the following requirements: general hospital status, well-established catchment area, 24/7 availability of an emergency department with neuroimaging (cerebral computed tomography), neurology department with a stroke unit, and a prospective database of patients who had experienced a stroke.
Data were collected via an online form where each center uploaded their findings for demographic variables, vascular risk factors, anticoagulant treatment, characteristics of the stroke, bleeding complications during admission, radiology findings, length of stay, and short-and long-term treatment. Functional outcome at 3 months was measured using the modified Rankin Scale (mRS); this evaluation was performed in person by a neurologist and functional independence was considered when mRS < 3. Patients with a previous mRS score ≥3 (patients who were previously dependent) were excluded from the analysis of functional status at 3 months in order to avoid assigning subsequent dependence to a preexisting condition. International normalized ratio (INR) was measured at admission and the therapeutic range was considered 2-3 in all patients (except for those bearing metallic cardiac valves in which the therapeutic range was considered to be between 2.5 and 3.5). ICH volume was measured by the investigators of each site and extensive hemorrhage was defined as > 100 mL, involvement of deep and lobar areas, and undetermined anatomical origin. In order to perform the epidemiological analysis, we collected data on the activity at each of the participating centers during the study period: catchment population, total number of patients admitted to the neurology department, and total number of patients admitted with a diagnosis of acute stroke (ischemic and hemorrhagic).
We included patients admitted from January 1 to December 31, 2015. The study was performed over a natural year in order to avoid seasonal variations.
Statistical Analysis
Quantitative variables were assessed using measures of central tendency and dispersion depending on the distribution and normality of the variables. Normally distributed variables were expressed as mean ± SD; nonnormally distributed variables were expressed as median (IQR). Variables were compared using the t test or Mann-Whitney test depending on whether the variables fulfilled the criteria for each test. The qualitative variables were expressed as percentages between groups, and associations were analyzed using the χ 2 test (significance was adjusted in multiple comparisons using the Bonferroni correction). Statistical significance was set at p < 0.05. Data were analyzed using IBM SPSS ® Statistics for Windows, Microsoft Excel ® 2016, R v3.3.3 [16] , and OpenEpi [17] .
Results
Description of the Sample: Clinical and Epidemiological Characteristics
The study population comprised 366 patients from 29 hospital stroke units throughout Spain (Fig. 1) . The hospitals attended a population of 11,864,971 inhabitants (25% of the population of Spain during the year of the study); therefore, the crude incidence of OACinduced ICH was 3.8 (95% CI, 2.78-3.41) cases per 100,000 inhabitants. OAC-induced ICH accounted for 18.2% of the total admissions for ICH, and ICH-DOACs accounted for 1.7% of these admissions (Table 1) . Of the 366 cases of OAC-induced ICH, 35 (9.5%) involved ICH-DOACs. Table 2 summarizes the clinical characteristics of both groups and highlights that ICH-DOACs had a higher mean age (81.5 ± 8.3 vs. 77.7 ± 8.3 years; p = 0.012) and more often had a history of ischemic stroke (34.3 vs. 19.95; p = 0.049). Stroke seemed to be more severe in ICH-VKAs than in ICH-DOACs (median National Institutes of Health Stroke Scale [NIHSS], 9 [14] vs. 7 [12] ), although the difference was not statistically significant (p = 0.37).
Data on Previous Treatment
The median (IQR) duration of treatment was greater for ICH-VKAs (36 [57.5] vs. 12 [7. 75] months; p < 0.001). The mean INR in the ICH-VKA group was 2.7 ± 1.1; the INR was supratherapeutic in only 28.7% of patients in this group. There were no differences in aPTT between the groups (ICH-VKA: 48.7 ± 52 s vs. ICH-DOACs: 49.7 ± 66.4 s; p = 0.9). We found no significant differences between the groups with respect to concomitant treatment (contraceptives, antiepileptic drugs, digoxin, aspirin, clopidogrel, and nonsteroidal anti-inflammatory drugs).
Radiological Characteristics
Median (IQR) hemorrhage volume was significantly lower in ICH-DOACs than in ICH-VKAs (25 [50.7] vs. 11 [30.8] mL; p = 0.03). The topographical distribution of the hemorrhages was comparable in both groups, although the absence of extensive hemorrhaging was noteworthy in the ICH-DOAC group (Table 3) . Similarly, in the ICH-DOAC group, we found a lower frequency of ventricular involvement because of the absence of primary intraventricular hemorrhage in ICH-DOACs compared with ICH-VKAs (3.3%). 
In-Hospital Outcome and Medium-Term Outcome
The overall rate of hemorrhagic complications was low, the most frequent type being upper digestive tract bleeding, which affected 0.9% of ICH-VKAs (Table 4) . No systemic bleeding events were detected in ICH-DOACs during admission. The distribution of treatment administered during the acute phase was similar in both groups, although it is noteworthy that in ICH-DOACs, no patients underwent surgery and the frequency of admission to the intensive care unit was lower. Administration of vitamin K and prothrombin complexes was more common in ICH-VKAs. The mean total length of stay seemed to be greater -albeit without statistical significance -in ICH-VKAs (12.49 ± 13.7 vs. 10.9 ± 11 days; p = 0.35), as was the need to remain in the stroke unit (2.19 ± 2.6 vs. 1.7 ± 2.5 days; p = 0.49). There were no statistically significant differences in functional status between ICH-DOACs and ICH-VKAs groups at 3 months (mRS < 3 at 3 months: 42.9 vs. 31.5% respectively; Fig. 2 ) More patients died in the ICH-VKA group, and the most frequent cause of death was cerebral hemorrhage; stroke-related mortality was greater in ICH-VKAs (40 vs. 72.7%; p = 0.02). The most frequently indicated treatment in survivors was DOACs (33.6%), followed by antiplatelet agents (18.9%), and then by withholding of antithrombotic treatment (16.6%) (Fig. 3) . 
Discussion
In our study, we found the incidence of OAC-induced ICH to be 3.8 cases per 100,000 inhabitants, i.e., 18.2% of all admissions for ICH. DOACs were the anticoagulants administered at admission in 9.5% of cases of OAC-induced ICH. Patients in the ICH-DOAC group were older and more frequently had a previous ischemic stroke, lower ICH volume at admission, and lower stroke-related mortality (all differences statistically significant).
The EPICES study (a prospective study of patients with stroke admitted to the neurology department based on registries of data collected over 4 nonconsecutive months between 2008 and 2009 throughout Spain) showed that anticoagulant-associated ICH accounted for 8.4% of all brain hemorrhages [18] ; this percentage was 13.6% in the TAC Registry study [3] . Part of the increased percentage in our study could be due to better control of arterial hypertension, which could have helped to reduce the incidence of the main cause of spontaneous ICH [19] . Nevertheless, global incidence in our study was greater than previously described (2.9 per 100,000 inhabitants/year in the TAC Registry 1 study), possibly due in part to the increase in the incidence of AF coinciding with aging of the population or prescription of anticoagulants.
Although up to 18% of patients aged > 80 years in Spain have AF, the latest populationbased studies place the overall prevalence of AF in Spain at 4.4%, a percentage that has remained stable since 1999 [20] . In the TAC Registry 2 study, we included patients receiving DOACs and not only those receiving VKA, as was the case in the TAC Registry 1 study. Therefore, given the results of pivotal clinical trials with DOACs, increasingly more patients with previously known AF may not have been receiving anticoagulant therapy because of the high risk of hemorrhage and are now receiving DOACs.
Observational studies [21, 22] showed that ICH-DOACs had a greater previous risk of hemorrhage than ICH-VKAs. In our study, both age and frequency of previous ischemic stroke were higher in the ICH-DOAC group. Both factors are included in bleeding risk scales, as are arterial hypertension, history of ICH, and leukoaraiosis, which in our study were more frequent -albeit not statistically significantly -in ICH-DOACs [23] .
Nevertheless, almost 10% of OAC-induced ICH in our study and up to 20% in published series [4] were in patients taking DOACs; therefore, the risk of hemorrhage associated with these drugs, while significantly lower, cannot be underestimated. When DOACs were first introduced, they were thought to have 2 main disadvantages: the absence of a monitoring parameter and the absence of an antidote to reverse their effect [15] . First, of note, only 1 in 3 ICH-VKAs (28.7% in our study) occur when the INR is supratherapeutic; therefore, a monitoring method is not necessarily valid for predicting the risk of bleeding. Second, although VKAs have a specific antidote, the effect takes hours to appear; in addition, other treatments, such as prothrombin complex and fresh frozen plasma have been proven to rapidly correct INR but were not associated with a lower mortality rate [6, 24, 25] . Furthermore, monoclonal antibodies that can reverse the anticoagulant effect of DOACs have been developed in recent years [26, 27] , although none of the patients in the present study received these drugs; therefore, we were unable to evaluate their usefulness.
Other factors that affect the prognosis of ICH include age, infratentorial location, and Glasgow scale score on admission [28] . Hematoma growth is also a key determinant of prognosis and depends in turn on the initial ICH volume, recurrence of ICH, previous anticoagulation therapy with VKAs, and extension to the ventricles [29] . Therefore, in our study, it was noteworthy that in ICH-DOACs, the bleed was smaller, an intraventricular component was less frequent, and stroke-related mortality was lower than in ICH-VKAs (all differences statistically significant). In other studies [4, 21, 30] , there was also a greater trend toward functional independence at 3 months, which in our study, as in a recent study in Portugal [22] , did not reach statistical significance.
Large observational studies have shown that the risk of thromboembolic events is greater in patients who do not restart anticoagulation therapy and that restarting treatment after the favorable outcome of the previous ICH is confirmed does not increase the risk of death [31] [32] [33] . Some authors believe that anticoagulation therapy is commonly recommended after ICH, with DOACs as the treatment of choice owing to their safety profile [34] . Under these circumstances, there is no evidence for greater safety with one DOAC over another; therefore, this decision, which in our series favors apixaban, seems to depend on individual factors [14, 35] .
In most cases, given that the combined risk of recurrence of ICH and stroke seems to be lowest at some time between week 1 and week 30 [27, 36] , the most recent clinical practice guidelines recommend restarting anticoagulation therapy between weeks 4 and 8, especially when the cause of bleeding has been resolved [34] . In the present study, 18.89% of patients were receiving antiplatelet treatment and 16.59% were not receiving treatment 3 months after their ICH, possibly reflecting the lack of adherence to guidelines.
Our study is subject to a series of limitations. The fact that it is a retrospective study based only on data from patients attended in the neurology departments of the Spanish National Health System could have led to underrecording. Furthermore, for each patient, we only have neuroimaging findings and laboratory findings at admission; therefore, we were unable to evaluate the effect of therapy on these surrogate parameters and the possible association with morbidity and mortality. Additionally, different investigators measured ICH volume. Lastly, in several patients, we do not know the functional prognosis or prophylaxis prescribed.
In summary, we found that the incidence of OAC-induced ICH is greater than that described elsewhere and that it has tended to rise in recent years in Spain, although with slightly lower mortality. Hematoma volume and the frequency of ICH-related death were lower in patients who had previously received treatment with DOACs; therefore, the results of our study indicate that these drugs are the safest option in patients with nonvalvular AF and a high risk of hemorrhage.
